An anaerobic, freshwater enrichment grew with either nitrate or selenate as an electron acceptor. With both ions present, nitrate reduction preceded selenate reduction. An isolate from the enrichment grew on either ion, but the presence of nitrate precluded the reduction of selenate. Stock cultures of denitrifiers grew anaerobically on nitrate but not on selenate.
Selenium oxyanions are toxicants in the environment (12, 17) , and their removal by bacterial reduction represents a bioremediation process (6, 9, 11, (13) (14) (15) 20) . Selenate reduction to the elemental state (Seo) is dissimilatory (10, 13) and is inhibited by nitrate, a constituent of agricultural drainage (14, 15 ). An estuarine selenate respirer (subsequently lost) appeared to be a denitrifier, and this organism may have preferred nitrate over selenate as an electron acceptor (14) . Isolation of a selenate-respiring Pseudomonas sp. (10) also raised the possibility that this trait is common within the genus.
Enrichments were from Massie Slough, a freshwater marsh (15, 20) . Sediment (1 ml) was incubated under N2 in a tube containing 10 ml of a previously described acetateselenate minimal medium (14) , modified for freshwater use as follows: it contained lower NaCl (0.44 versus 20.5 g/liter), no MgCI2 6H20, slightly higher MgSO4 7H20 (0.117 versus 0.09 g/liter), and iron sulfide as the reducing agent (1). The enrichment was incubated for 3 weeks at 25°C, during which time it formed Seo. A subsample (0.5 ml) was used to inoculate crimp-seal test tubes containing 10 ml of medium under N2. Maintenance transfers were made when the medium turned red (approximately 4 weeks). After 6 months of maintenance transfers, the culture was transferred to 160-ml serum bottles (N2 atmosphere) containing 100 ml of minimal medium (either without an electron acceptor or with 20 mM NaNO3, 20 mM Na2SeO4, or NaNO3 plus Na2SeO4 [20 mM each] ) and incubated statically at 25°C. We measured growth (7), organic acids (2), selenate and selenite (4, 17) , and nitrate and nitrite (16) . A late-log-phase enrichment culture grown with selenate as the electron acceptor was harvested by centrifugation (8,000 x g) and washed twice with deoxygenated 5 mM NaHCO3 (pH 7.4). All manipulations were conducted in an anaerobic glove box. Washed cells were suspended in 10 ml of 5 mM NaHCO3 with 5 mM NaNO3 or 5 mM Na2SeO4 in N2-sealed tubes; a suspension without an added electron acceptor served as a control. The suspensions were injected with 1.5 ,uCi of [2-"4C]sodium acetate (specific activity, 60 mCi/mmol; ICN Co., Irvine, Calif.). After 6 days of incubation at 25°C, suspensions were injected with 0.5 ml of 6 N HCl; the following day, they were shaken vigorously and analyzed for 14CO2 (3) . A pure culture was isolated from the enrichment by streaking agar plates containing the medium described above (substituting sodium * Corresponding author. sulfide or cysteine for the FeS reductant) and incubating them under an atmosphere of N2-H2-CO2. After The enrichment grew on selenate, nitrate, or selenate plus nitrate, as determined by consumption of acetate and increases in cell numbers (Fig. 1) . Controls lacking an electron acceptor demonstrated neither significant growth nor acetate consumption (Fig. 1A) . Cells grown on selenate produced a small, transient amount of selenite (Fig. 1B) and formed red Seo (not shown). Cells grown on nitrate produced a small, transient amount of nitrite and had more rapid acetate consumption (Fig. 1C) and more rapid and extensive growth than cells grown with selenate (Fig. 1B) . Cells grown with both nitrate and selenate present in the medium consumed all the nitrate and nitrite before selenate consumption occurred (Fig. 1D) . Cell suspensions of the enrichment demonstrated stimulated 14CO2 production in the presence of electron acceptors. Percent conversions of acetate to CO2 were as follows: no addition, 14%; selenate, 43%; nitrate, 63%. These results indicate that both of these oxyanions could support respiration.
The pure culture of the selenate respirer grew more slowly on selenate than on nitrate. After 44 h, cell counts increased from an initial 2.7 x 106 cells ml-' to 2. selenate tube, respectively. At that time, in both the nitrate and nitrate-plus-selenate tubes, nitrate and lactate were no longer present and there was about 7 mM nitrite and 22 mM acetate present. No loss of selenate in the nitrate-plusselenate tube was observed, not even by 167 h. By contrast, at 44 h, the selenate-containing tube had not demonstrated significant growth (-106 cells ml-1') and had consumed only a small amount of selenate and lactate (about 2 mmol/liter each). However, by 167 h this tube turned red from the presence of Seo, had a cell density of 1.1 x 108 cells ml-1, and demonstrated consumption of selenate (from 21.6 mM to 9.3 mM) and lactate (from 22.6 mM to 1.7 mM) and the appearance of selenite (5.4 mM) and acetate (8.5 mM) . No significant growth occurred in tubes without an electron acceptor (A6. at 0 and 90 h was 0.02 and 0.04, respectively).
In contrast, the stock cultures of denitrifiers grew on nitrate but not on selenate, as typified by results with P. fluorescens (Fig. 2) . Selenate has been reported to inhibit the growth of a variety of microorganisms (18, 19) , but it did not impair growth in broth with nitrate (Fig. 2) . No significant loss of selenate or production of selenite was observed with any of the denitrifier cultures or with prolonged (240 h) incubated cell suspensions of P. stutzeri (data not shown).
Our results indicate that dissimilatory selenate reduction is not common among many well-studied strains of denitrifying bacteria and has only been reported for new isolates (references 10, 11, and 13 and this study). Inhibition of selenate reduction by nitrate, reported herein and reported previously for sediments (13, 20) , cannot SeO42--SeO32-couple (+0.44 V [5] ) is equivalent to that of the NO3--NO2-couple (+0.42 V [22] ). However, selenite, the first reduction product, is considered more toxic than selenate (5) . A plausible explanation for the preference of nitrate over selenate may be the accumulation of low levels of selenite during growth on the latter electron acceptor (Fig.  1) . Alternatively, the reductase(s) involved may have a higher affinity for nitrate than for selenate, or perhaps selenate reductase is repressed by nitrate. Whatever the mechanism(s), the results suggest that for physiological reasons, seleniferous wastewater must first be treated for the removal of nitrate before dissimilatory selenate reduction can occur (6, 13, 14) .
